Optical metasurfaces have great potential to form the platform for manipulation of surface waves. A plethora of advanced surface-wave phenomena utilizing negative refraction, self-collimation and channeling of 2D waves can be realized through ondemand engineering of dispersion properties of a periodic metasurface. In this letter, we report on the first-time direct experimental polarization-resolved measurement of dispersion of 2D optical plasmons supported by an anisotropic metasurface. We demonstrate that a subdiffractive array of strongly coupled resonant anisotropic plasmonic nanoparticles supports unusual optical surface waves with mixed TE-and TM- 
non-resonant hyperbolic metasurface based on a nanometer-scale silver/air grating was realized in Ref. 49 .
Recently, it has been predicted that spectrum of a resonant metasurface described in terms of anisotropic surface conductivity tensor consists of two hybrid TE-TM polarized modes that can be classified as TE-like and TM-like plasmons 50, 51 . Their isofrequency contours are of elliptic, hyperbolic, 8-shaped, rhombic, or arc form depending on the frequency. Such variety of shapes can support diverse phenomena, e.g. negative refraction, self-collimation, channeling of surface waves, and a giant enhancement of spontaneous emission of quantum emitters due to the large density of optical states. The similar phenomena can be observed for metasurfaces implemented using nanostructured graphene monolayers and naturally anisotropic ultrathin black phosphorus films [51] [52] [53] .
In this work, we report the characterization of a resonant anisotropic plasmonic metasurface consisting of a dense array of thin gold elliptic nanoparticles supporting propagation of 2D hybrid plasmons in the near-IR. We characterize dispersion of both TE-and TMlike plasmons with attenuated total internal reflection spectroscopy and reveal topological transition of their isofrequency contours.
RESULTS
The fabricated anisotropic metasurface was formed by an array of cylindrical gold nanodisks with the elliptical base (see Methods for details of the technological process). The period of the array is 200 nm, while the long and short axes of the nanodisks are 175 and 140 nm, respectively (see Fig. 1a ). To facilitate surface waves propagation in the symmetric environment, the sample was subsequently covered by a 200 nm layer of transparent resist (ZEP 520A) with the refractive index closely matching that of silicon oxide in the visible and near-IR spectral regions 54 .
To characterize the dispersion of the surface waves we resorted to attenuated total internal reflection spectroscopy (see Fig. 1b ). To excite the surface waves, one needs to provide excitation wavevectors residing under the light line of the dielectric environment of the metasurface (i.e., silicon oxide substrate and resist superlayer). For this purpose, we used a zinc selenide (ZnSe) hemicylindrical prism with the refractive index of around 2.48 in the NIR range 55 . The sample was attached to the prism with a polymer screw to minimize the weakly controllable air gap between the sample and ZnSe interfaces (see the inset in Fig. 1b ). In this configuration (known as the Otto geometry), surface waves can be excited via evanescent coupling of light incident at the ZnSe-sample interface at angles greater than the critical angle, which is about 36
• in the spectral range of interest. By measuring reflectance spectra at different angles of incidence θ (see Methods for the details of the experimental setup), we were able to reconstruct dispersion of surface waves excited at the metasurface.Numerical simulations mimicking the experiment were carried out using the frequency-domain solver of the COMSOL Multiphysics package (see Methods for details). Figure 2 shows the experimental and simulated reflectance maps plotted in "wavelengthangle of incidence" axes for both the TE-and TM-polarized excitations and three azimuthal
DISCUSSION
• describing orientation of the plane of incidence with respect to the long velocity) and a narrow spectral half-width both above and below the critical angle. The in-plane quadrupole modes in a thin nanodisk are dark modes for the normal excitation.The quadropole nature of the modes becomes apparent from the field profiles (Fig. 3) . Almost dispersionless behavior of the quadrupole modes is explained by stronger field localization and weaker interaction between neighboring particles in comparison with the dipole modes.
Anisotropic properties of the 2D plasmons are manifested most clearly in isofrequency METHODS.
Experimental investigations.
The anisotropic metasurface was fabricated on a glass substrate using electron beam lithography followed by thermal evaporation of a 20 nm thick layer of gold and a lift-off process. The fabricated structure is a 200×200 µm 2 array of cylindrical gold nanodisks with the elliptical base. The period of the array is 200 nm, while the long and short axes of the nanodisks are 175 and 140 nm, respectively (see Fig. 1a ).
In the experiment, the sample was illuminated by a supercontinuum laser source (NKT Photonics SuperK Extreme) polarized with a Glan-Taylor prism and focused by a series of parabolic mirrors on the sample surface through a ZnSe prism to a spot of approximately 150 µm in size. The reflected light was collected with another parabolic mirror and then sent to a spectrometer (Ando AQ-6315E) through an optical fiber. The sample and the collection optics were mounted on separate rotation stages, which allowed for reflectance spectra measurements in a broad angular range (from 10 • up to 60 • ).
Numerical modelling.
Numerical simulations were carried out using the frequency-domain solver of the COM-SOL Multiphysics package. The simulation cell with periodic boundary conditions in both directions is shown schematically in Fig. 1b . The exact dimensions of the structure were verified by means of scanning electron microscopy (Fig. 1a) . The refractive indices of the materials were obtained from literature (ZEP 520A 54 , zinc selenide 55 , gold 60 and fused silica 61 ).
The size of the air gap in the simulations was chosen to be 25 nm accordingly to the best matching of the simulated spectra with the experimental data. 
